This paper presents a new model to study the static performances of a GaN metal epitaxial-semiconductor field effect transistor (MESFET) based on the metal-semiconductor interface state of the Schottky junction. The I-V performances of MESFET under different channel lengths and different operating systems (pinch-off or not) have been achieved by our model, which strictly depended on the electrical parameters, such as the drain-gate capacity C gd , the source-gate capacity C gs , the transconductance, and the conductance. To determine the accuracy of our model, root-mean-square (RMS) errors were calculated. In the experiment, the experimental data agree with our model. Also, the minimum value of the electrical parameter has been calculated to get the maximum cut-off frequency for the GaN MESFET.
Due to the difficulties imposed by the edge effects, several simplifying assumptions were modeled for the active region of the channel of MESFET. Assuming that the channel length was much greater than its thickness in the space charge region, the variation of the electric field in the structure direction was much larger than in the longitudinal direction. The Poisson equation reduces to:
where V(x, y) was the total electrostatic potential variation across the space charge region, ε = ε 0 ε GaN , ε 0 was the vacuum permittivity, ε GaN was the dielectric constant and N d the donor density.
d(x,y)
The two sides of the Eq. (1) were integrated between h(x) and y, with the proviso at y = h. We obtain:
where h(x) was the thickness of the space charge region at a point x of the channel. Otherwise, the expression of the channel voltage in the plane following x, V(x, y) can be deduced:
V bi was the Schottky barrier voltage and V g the gate voltage.
For a uniform doping and a space charge region (SCR) empty from carriers, we have N d (x, y) = N d , and Eq. (3) becomes:
dV(x,y) dx
The electric field in the SCR was deduced by :
In the following, hypothesize the gradual channel and use similar triangle properties to calculate the expression of the thickness of the space charge region at a point x of the channel h(x) based on its values on source side h s and drain side h d
The calculations above neglect the contribution of SCR under the free surface in the potential.
Supplementary Section 2
Devices with interface states have the higher gate leakage. Therefore, controlling the thickness of the channel by the gate potential was weaker. Taking into account the interfacial states causes a non-ideality of the MESFET Schottky barrier. The interfacial states have consumed a finite quantity of V gs . The potential amplitude which varies the channel height was different from the applied V gs . In such circumstances, a simulation done by considering V gs as a variable cannot predict the behavior of the device accurately.
Depletion region
]
.
As the above expression indicates, the applied voltage was consumed by the interfacial states. If the states density at a Schottky junction interface was high, the contribution of V gs [Interface region] was too high to be ignored. What was observed experimentally would not agree to the theory of GaN MESFET. To solve this problem and set the exponential nature of the density of states, the following expression was given to change V gs :
The parameter x was an adjustment variable that simulates the quality of the Schottky barrier. As x = 0, the Schottky barrier was supposed to be perfect and the interface states effects were negligible. Thus, modeling becomes more flexible, so each GaN device has a specific variable x, which gives us an idea about the quality of the metal-SC junction.
Knowing that: 
the drain current expression becomes of the form:
where Z is the channel width, a is its thickness and L its length. This expression, that gives the drain current versus the two polarization voltages, will be rewritten differently according to the operation region (turn-on or the pinch-of region), which depends essentially on V d . ≪ First, the linear region, where the drain current varies linearly with the drain voltage V d ; in this case, the drain voltage respects the condition:
Therefore, the expression of drain current is:
Second, the saturation region, in which the current saturates at I dsat .
Therefore, the expression of drain current becomes:
To obtain the extrinsic performances of the device (I ds , V ds , V gs ), we have to take into account the effect of the source and the drain access parasitic resistances R s and R d respectively. Also, the effect of the resistance R p parallel to the channel, is due essentially to the dispersive effects of the substrate.
To get the real expressions of I ds performances (V ds , V eff ), just replace the intrinsic terms by extrinsic terms in all previous relationships.
The resistances "R s and R d " are obtained from the following expressions: 
where L gs and L gd are the distances between the gate and source, and the gate and drain respectively. R os , R od give the resistance of the Ohmic contact of the source and the drain respectively. The current expressions are rewritten again as follows:
Linear regime:
Saturated regime:
